Rational use of surface and underground waters leads to a reduction in their consumption, which is currently one of the fundamental tasks in the field of the conservation of waters, in its broad sense. This includes also the utilisation of water from additional sources, such as e.g. precipitation water. The paper presents an analysis of the quality of rainwater outflowing from the roofs of garage buildings of the Park Authority of the Roztocze National Park. The results of analyses presented in the paper indicate a favourable composition of rainwater that meets the norms defined for water for human consumption. In the waters under analysis, exceeded levels were noted for ammonia, manganese and biological factors, but these do not preclude the use of the waters for household purposes. Rainwaters at the Roztocze National Park can be used for car washing, for the irrigation of green areas, or for toilet flushing. Such utilisation of rainwaters can largely contribute to a reduction of the use of high-quality underground waters.
INTRODUCTION
Water is the fundamental element of life, necessary and irreplaceable for humanity and for the entire living world. It is used as a source and a factor of economic growth and wellbeing, and it is also a fundamental natural element of ecosystems and climate regulation [Komisja Europejska (European Commission) 2011] . Both the amount and the quality of water resources are of key importance for human health and for the development of all sectors of the economy, due to which water becomes a factor determining the living standard of the population. The demand for water increases with the development of civilisation. The increase of water consumption due to human activity and the constantly growing contamination of sources of water intake, especially of surface waters, cause a deterioration of water situation all over the world.
Poland is one of the group of countries with the lowest water resources in Europe. This is due to unfavourable climate and hydrological conditions. In the years 2000-2014, the average annual outflow of surface waters from the territory of Poland, including with the inflow from neighbouring countries, amounted to 61.2 km 3 . The annual water resources per 1 inhabitant in Poland are less than 1600 m 3 , while in most European countries they oscillate at the level of nearly 5000 m 3 
per 1 inhabitant [GUS (Central Statistical Office) 2015].
Problems related with the creation and protection of water resources, and their management, are the effect of the spatial-temporal variation of atmospheric precipitations, and of the condition of the water mains-sewerage infrastructure. Atmospheric precipitations are the primary element of water balance, ensuring the renewal of surface and underground water resources. Therefore, rainwaters should be protected against contamination, and managed and utilised at the site of appearance [Królikowska, Królikowski 2012] .
The totals of atmospheric precipitations in particular months and years, as well as their spatial distribution over the territory of Poland, are characterised by enormous variation. According to the Central Statistical Office data [GUS 2015] , the lowest annual sums of precipitations in 2014 were noted in North, North-Western and Central Poland (below 600 mm), considerably higher precipitation totals were noted in East Poland, and the highest -in South Poland (above 1300 mm), in the area of Zakopane.
The According to the above definition, rain and rainwaters that come from roofs are not considered as wastewaters, and therefore can be drained to waters and soils without purification, and can also be used for economic purposes (irrigation of green areas, car washing, toilet flushing).
Rainwaters from roofs are notably less contaminated than rainwaters from hardened surfaces, but in the course of a rainfall unfavourable changes take place in water quality, due to its contact with contaminants contained in the air [Rybicki, Rybicki 2001; Niemiec 2012; Mańkowska-Wróbel 2014] . Research shows that rainwaters have at least the same parameters as water approved by the European Union for use in swimming pools. They are characterised by a low level of bacteriological contamination, contains weak solutions of acids, but has no content of compounds that would case its hardness (calcium and magnesium). The quality of precipitation water disqualifies it as drinking water, but does not preclude its use for household and industrial purposes [Skwarzyńska et al. 2014a] .
The objective of the study was the estimation of the quality of rainwaters drained from the roofs of two garage buildings of the Park Authority of the Roztocze National Park in the context of determination of a method of utilisation of the waters for the needs of the Park Authority.
MATERIALS AND METHODS
The study was conducted in Zwierzyniec, in the area of the Roztocze National Park (RNP), analysing the quality of rainwaters collected from the roofs of two buildings at the Park Authority. One of the buildings is used as a garage, and the other as a garage-workshop building (Photo 1). The garage building has dimensions of 24.6×6.5m, roof area in projection onto the hori- , and slope of 37º. Both buildings have metal roofing with gutter systems [Jóźwiakowski et al. 2013] .
In 2014, for the buildings at the Park Authority, RNP, a system was built for the accumulation and utilisation of rainwaters, composed of two tanks with capacity of 10 m 3 each, and a pumping system (Fig. 1) .
In the buildings of the Park Authority water is used mainly for toilet flushing, personal hygiene and for care and maintenance work in the buildings and in their surroundings. Some water is also used for washing the Park Authority vehicles. Before the system of precipitation water management was built, the demand for water in all the buildings of the Park Authority was fully covered from the water intake of the brewery in Zwierzyniec. Waters taken from that intake (120 m) belong to the main aquiferous layer of Cretaceous waters, so-called Roztocze aquifer [http:// roztoczanskipn.pl/pl/]. Those are waters of very good quality, and their use for economic purposes can be viewed as a waste of valuable resources of the environment, therefore the use of rainwaters is a beneficial alternative.
In recent years, in the area of the RNP an increase is observed in the annual precipitation totals, which creates favourable conditions for the use of rainwaters for economic purposes. The sums of precipitations in the area of the RNP and their spatial distribution are characterised by notable variability, related with the land relief. During the multi-year period of 1998-2012 the annual sums of precipitations varied from 602 mm to 889 mm, with an average value of 734 mm (Fig. 2) . The highest monthly sums of precipitations, above 50 mm, occur in the RNP in the spring (April, May, June) and in the summer (July, August, September). The maximum sums of precipitations are noted in July -average of 112 mm (Fig. 3) . The presented data indicate that the largest amounts of rainwaters can be accumulated in the period of the highest demand for them.
According to the estimations by Jóźwiakowski et al. [2013] , the potential amount of rainwaters flowing off the roofs of the garage buildings at the Park Authority of the RNP in almost all the months of the year exceeds the demand for water for economic purposes, such as vehicle washing and irrigation of green areas.
Samples of rainwaters for the quality analyses were taken in February, June, September and November, 2015, at three points of the system for precipitation water management: 1 -pumping station, 2 -tank I, 3 -tank II (Fig.  3) . The parameters assayed in the water samples included pH, concentration of dissolved oxygen, electrolytic conductivity, concentration of ammonia, nitrates, nitrites, sulphates, chlorides, iron, potassium, phosphates and manganese. The physicochemical analyses of the waters were conducted with the use of methods commonly applied [Hermanowicz et al. 1999 ]. Based on the results obtained, characteristic index values and standard deviations were determined. In addition, the numbers of coliform bacteria, faecal coliform bacteria, as well as the numbers of mesophilic and psychrophilic bacteria cells in the water sample were determined in accordance with the methods described on the Polish Standards [PN-C-04615-05:1975P; PN-C-04615-07:1977P; PN-ISO 6222:1999].
The
The quality of the rainwaters was compared with the requirements defined in the 
RESULTS AND DISCUSION
Based on the study is can be stated that rainwaters collected from the roofs of the garage buildings at the Park Authority, RNP, are characterised by good quality.
The analysed water had alkaline reaction. There was only a single case of exceeding, though only slightly, the permissible value of pH for The highest value of electrolytic conductivity was noted at the pumping station, in February -275 μS·cm -1 , and the lowest in tank II -in June -41 μS·cm -1 ( Table 1) . The results obtained are considerably lower than the limit value of 2 500 μS·cm -1 . The good quality of the analysed rainwaters is evidenced also by the low content of nitrates, nitrites, chlorides and sulphates. Noted concentrations of NO 3 and NO 2 , as well as of SO 4 and Cl, were significantly lower than the permissible levels of those parameters in drinking water. Also low were the levels of iron (Fe) and potassium (K), and the content of phosphates. Only at sampling point 1, in November, the level of 0.33 mg Fe·dm -3 was noted (Table. 1), while the limit level of that element for drinking water is 0.2 mg Fe·dm -3 . Potassium concentrations in the analysed waters varied from 9.2 mg K·dm -3 in September to 22.1 mg K·dm -3 in February. For most of the indices, the analysed rainwaters display better quality than that given by Skwarzyńska et al. [2014a Skwarzyńska et al. [ , 2014b .
The chemical indicator that disqualified to the greatest extent the rainwaters collected from the garage buildings at the Park Authority was ammonia. In all analysed samples its content oscillated in the range from 0.54 to 1.09 mg NH 4 ·dm Manganese content is a parameter that has a negative effect on water quality. Its elevated (Table 1 ). The microbiological status of water is a highly important factor from the viewpoint of human health. Microbiological analyses of rainwaters from the roofs of garage buildings at the Park Authority, RNP, revealed that their quality is poor. (Table 2 ). Contamination with faecal coliforms was found in 25% of the analysed samples. The highest numbers of bacteria from that group were noted in June in tank II -7·10 3 MPN·100 cm -3 (Table  4 ). The ratio of the number of faecal coliforms to the total number of coliforms at sampling point 3 (on June) was higher than 0.7, which indicates water contamination with animal faeces.
An additional indicator of microbiological quality of water is the total number of bacteria growing at temperature of 22°C (psychrophilic bacteria) and bacteria growing at temperature of 37°C (mesophilic bacteria). The total number of psychrophilic bacteria in the rainwaters varied from <10 to 1.9·10 4 cfu·cm -3
, while the number of mesophilic bacteria -from <10 to 5.1·10 3 cfu·cm -3 (Table 2 ). In 67% of cases, the numbers of psychrophilic and mesophilic bacteria exceeded the higher permissible defined for drinking water at the level of 100 cfu•cm According to Berleć et al. [2009] , a value of the ratio of total number of psychrophilic bacteria to that of mesophilic bacteria higher than 10 permits to approximately classify water as pure. Applying that index, waters sampled from the pumping station can be classified as pure, except for the sample from February, and for the sample from tank I collected in September. In the remaining samples of water the ratio of the total number of psychrophilic to mesophilic bacteria varied from 0.49 to 7.31, which indicates that the rainwaters collected from the roofs of the garage buildings at the Park Authority, RNP, contain anthropogenic contaminants.
The presented results indicate that in many cases the quality of the analysed rainwaters does not conform with the relevant standards. This is determined primarily by a high content of ammonia, manganese, and large numbers of indicator bacteria. It is worth noting, however, that the above analysis is based on rather rigorous criteria, laid down for drinking water, and does not disqualify the analysed waters from use for household purposes related with vehicle washing or irrigation of green areas. 
